Identical hemodynamic impedance and constant ratio of the fetal descending aorta and middle cerebral artery of uncomplicated pregnancies at term.
Uteroplacental dysfunction may generate severe fetal and neonatal complications. 1 Doppler ultrasound is used in obstetrics to discover the initial stage of fetal hemodynamic pathology in order to improve perinatal outcome. 2 Impaired placental performance results in redistribution of the fetal arterial circulation beginning with minor changes in the vascular resistance of the DA and the MCA. The pathophysiology of the arterial redistribution has been well explained. 3 Fetal hypoxia results in a decrease in the vascular resistance in the MCA, while resistance in the DA increases in correlation with the peripheral vasoconstriction in the splanchnic and skeletal region. 3, 4 Comparing the impedance to blood flow in different vascular areas may improve early recognition of fetal cardiovascular compensation. 5 Doppler index ratios are heart rate independent and more sensitive than autonomous evaluation of the vessels, since they are expressing opposite trends within the normal ranges. 6 At present there are no guidelines for the clinical definition of the physiologic fetal arterial blood flow distribution. Publications related to the ratio of blood flow in the DA and in the cerebral vessels have attempted to provide better estimation of the fetal compromise as well as the degree of oxygenation especially among small for date fetuses. 7, 17 To recognize circulatory readjustment normal ranges for the Doppler index ratios, reflecting the physiologic blood distribution, must be established. Given that the increased impedance in the DA is a consequence of the peripheral vasoconstriction and the resistance to blood flow in the MCA decreases due to hypoxia, we compared the hemodynamic resistance of these two vessels. To the best of our knowledge the ratio between the Pourcelot RI values obtained form the DA and the MCA in uncomplicated pregnancies has not been discussed. 8, 9 The aim of our study was to construct the reference limits for the ACRI between the 38th and 40th weeks of DSJUOG JAYPEE normal gestation and to present a cut-off value below which the arterial blood distribution is considered to be physiologic.
METHODS
Ninety-six healthy pregnant women participated voluntarily in this cross-sectional study. The research protocol was approved by the Regional Committee for Medical Research Ethics; written informed consent was obtained from all participants.
As part of the pregnancy care protocol at our university hospital, Doppler ulrasound measurements were carried out in uncomplicated pregnancies at term, and the measurements presented in this study were recorded within 24 hours before delivery. The gestational age was estimated from the last normal menstrual period and confirmed by the first or second trimester ultrasound reports (crown-rump length, biparietal diameter records). All patients delivered in our university hospital.
All examinations were performed with the same equipment (ATL HDI-3000, Advanced Technology Laboratories, Bothen Washington) by a single operator. The technique of imaging and Doppler velocimetry was similar to the previously described methods.
9,10 A 3.5-5 MHz curvilinear transducer recorded the pulsed wave ultrasound signals. The spatial peak temporal average intensity was always less then 94 mW/cm 2 . The high pass filter was set at the minimum of 50 Hz. The size of the sampling volume ranged between 1.5-6 mm to cover the vascular diameter entirely. The insonation angle remained below 50 degrees in all cases.
Recordings were done during fetal apnea and inactivity, and the heart rate ranged from 120 to 160 beats per minute. The patients were lying in a semirecumbent position with slightly elevated chest and head. Blood flow measurements were performed after finding the target vessels by real time scan assisted by the color flow imaging. Special care was taken to chose standard sampling points along the blood vessels. 23 The Doppler velocity waveforms were obtained from the abdominal aorta below the origin of the renal arteries ( Fig. 1) . The MCA was imaged in the transverse view of the fetal head at the level of the biparietal diameter, as the major anterolateral branch of the circle of Willis is in proximity to the greater wing of the sphenoid (Fig. 2 ). Samples were measured on the distal segment of the MCA.
Compression of the fetal head by the transducer was avoided. The Doppler sample was directed into the lumen of the vessels to receive the maximal audible signal and frequency shift. Analysis of waveforms was performed using the Doppler shift spectrum. RI was calculated from at least 8 to 16 satisfactory waveforms by the factory provided software of the equipment.
The ACRI values were calculated from the RI of the DA and MCA. The reference limits of ACRI (means and standard deviations) were set up on the basis of 96 examinations. Data analysis was performed with SPSS software (version 7.0). Normality was checked for each variable. Analysis of variance was used to prove that the ACRI is even between the 38th and the 40th weeks. In order to separate the normal and abnormal ACRI results the upper limit of the normal range was determined by calculating 2 standard deviations over the highest (38 weeks) mean value. 
RESULTS
In the study population the mean duration of gestation was 38.8 (+/-0.8) weeks, the median birth weight of the newborns was 3484 (+/-523) grams and the 1-minute Apgar score was 9.81 in average. Baseline characteristics of the study population are presented in Table 1 .
The weekly mean values of the ACRI and the standard deviations between the 38th and the 40th weeks of gestation with the number of Doppler examinations are presented in Table 2 . The mean values of the ACRI are close to 1.0. The analysis of variance proved no statistical difference between the weekly mean values, therefore the ACRI can be considered constant between the 38th and 40th weeks of pregnancy with an overall mean of 1.062 (+/-0.087).
The value of the cut-off limit (overall mean +2 SD) to help classifying the normal and abnormal ACRI results equals with 1.236. To facilitate the practical application of the ACRI, the results were considered normal below the level of 1.2.
DISCUSSION
In this paper we present our observation that the Resistance Indices of the DA and MCA of healthy fetuses are identical reflecting the physiologic arterial blood flow distribution.
The recognition of the initial hemodynamic changes in the fetal arterial circulation is based on the knowledge of the physiologic blood flow supply and the reference limits of the Doppler indices. Several authors have introduced normal Doppler values for the umbilical artery (UA), DA and MCA. [9] [10] [11] [18] [19] [20] Recently, the relation between the impedance of different vascular areas, including mainly the umbilical and cerebral arteries, has been studied. 5, 12, 21, 22 Doppler index ratios are more accurate than the individual examination of the vessels, because they emphasize the opposite trend of the preliminary alterations of the vascular resistance in different fetal arteries. Previous papers found that the umbilical-cerebral ratio identifies differential blood flow between the placenta and the fetal brain. 13 The abnormal umbilical-cerebral ratio is associated with high incidence of intrauterine growth retardation (IUGR), adverse perinatal outcome, and also correlates with the changes of fetal oxygenation. 6, [12] [13] [14] The ratio of aortic mean velocity and the common carotid artery pulsatility index was a strong predictor of asphyxia for IUGR fetuses. 7, 17 However, none of the papers described a Doppler index ratio, which reflects the balance of the fetal arterial blood distribution under physiologic circumstances. Increased resistance in the umbilical artery is not necessarily correlated with impaired placental performance. Moreover, placental insufficiency as well as fetal hypoxia may develop in case of normal umbilical artery blood flow. 15, 16 The purpose of the obstetrical Doppler measurement is the proper assessment of the actual fetal condition. Therefore, we intended to apply a Doppler index ratio, which illustrates the central arterial blood distribution independently from the placental vascular resistance. A normal aorticcerebral RI ratio (ACRI) represents the physiologic stability of the peripheral and cerebral arterial circulation.
The results of the present study indicate that the RI values of the DA and the MCA are almost identical in healthy fetuses at term between the 38th and 40th weeks, regardless of the gestational age. Consequently, the normal value of ACRI is close to 1.0, which is nearly constant in healthy fetuses at the term of gestation. It is worth remarking here that in the case of more advanced pregnancies, we also observed a slight decrease in the RI of the MCA accompanied by an unchanged RI of the DA, and thus an increase of the ACRI (at week 41, ACRI ± SD was found to be 1.13 ± 0.11, n = 8), in line with what has been described before by other authors as well. 19 (These preliminary observations of ours require further examination due to the low number of cases so far).
As a response to hypoxia, the fetal cardiac output and blood flow is readjusted. 2, 3 Elevated ACRI levels represent increasing peripheral and decreasing cerebral vascular resistance at the same time, and may become apparent before the RI values of the DA and MCA reach the abnormal range. We selected a cut-off limit to facilitate the use of ACRI, as no previous references were available. Since the ACRI is even, we calculated one single cut-off limit, which can be applied consistently between the 38th and 40th weeks of pregnancy to separate the physiologic and the pathologic fetal blood flow patterns. ACRI values below this limit represent the identical impedance of the peripheral and cerebral vessels, whereas a higher ACRI reflects the redistribution of the arterial circulation.
The assessment of fetal condition is more adequate if the velocimetry of the umbilical artery is completed by the Doppler examination of the DA and MCA. The efficacy of the method can be further improved by applying the Doppler index ratios. Our primary finding suggests that the identical hemodynamic resistance of the abdominal aorta and the cerebral arteries maintain the physiologic fetal arterial blood distribution. It is reflected by the normal ACRI values, which are nearly constant at term in uncomplicated pregnancies. Therefore, the ACRI is not influenced by the gestational age. It is likely to be independent of the placental perfusion since the blood flow velocity waveforms in the DA are governed by chemoreceptor activity and Doppler index ratios were shown to be fetal heart-rate independent. 7, 4 The introduction of the ACRI offers a novel approach to the interpretation of the fetal arterial blood flow distribution, even before reverse or absent end-diastolic flow in the UA and/or the DA indicate a more advanced stage of fetal hypoxia. 23 Although the simplistic explanation of Doppler indices should be avoided, the abnormal ACRI may be considered as a potentially useful marker of impending fetal hypoxic compromise. The results of our study are preliminary and further prospective, randomized clinical trials are necessary to assess the diagnostic value and the clinical benefits of the ACRI measurement.
